We sought to evaluate the impact of unstable coronary artery disease (CAD) on short-and mid-term outcomes in patients with multivessel disease treated by multiple sirolimus-eluting stents (SES) as part of ARTS II (Arterial Revascularization Therapies Study Part II).
Background
The differential safety/efficacy profile of SES when implanted in patients with unstable angina (UA) in comparison with stable angina (SA) undergoing multivessel intervention is largely unknown.
Methods
Between February 2003 and November 2003, 607 patients at 45 participating centers were treated; 221 of them (36%) presented with UA.
Results
At 30 days, the cumulative rate of death, myocardial infarction-defined as any creatine kinase (CK)/CKmyocardial band elevation beyond the upper limit of normal-cerebrovascular accident, and repeat revascularization (i.e., major adverse cardiac and cerebrovascular events [MACCEs] ) was 19.9% in both groups. Angiographic subacute stent occlusion was documented in 1 (0.5%) and 4 (1%) patients in the UA and SA groups, respectively. At 1 year, the cumulative incidence of MACCEs was 27.1% in the UA and 24.9% in the SA group (p ϭ 0.56). Two late occlusions occurred, both in the SA group. After adjustment for baseline and procedural characteristics, the presence of UA was not identified as an independent predictor of MACCE (hazard ratio 0.94; 95% confidence interval 0.41 to 2.12; p ϭ 0.88). These findings remained consistent after increasing the CK/CK-myocardial band threshold to define periprocedural myocardial infarction up to at least 3 or 5 times the upper limit of normal.
Conclusions
In ARTS II, an unstable clinical presentation did not exert a negative impact on short-and mid-term outcome after SES implantation for multivessel disease. Several clinical studies, focusing on specific patient and lesion characteristics, including long lesions (1), in-stent restenosis (2) , small vessels (3), diabetic patients (4), and infarct-related arteries (5) , as well as all-comers registries (6) have established the role of the sirolimus-eluting stent (SES) in reducing the need for further reintervention in comparison with bare-metal stents (BMS). However, whether the net safety/efficacy profile of SES differs in relation to the acuity (i.e., stable vs. unstable) of clinical presentation remains an open issue.
The thrombogenic coronary milieu in patients with an acute coronary syndrome (ACS), coupled with the well-known propensity for hypercoagulability in this patient subset and possible delayed re-endothelialization with drug-eluting stents (DES), has resulted in concerns of an increased risk of stent thrombosis after implantation of these devices in patients with ACS (7) . Moreover, several previous studies have identified unstable angina as a risk factor for restenosis after BMS implantation (8, 9) .
ARTS II (Arterial Revascularization Therapies Study Part II) is a multicenter, European, openlabel, nonrandomized trial evaluating the safety and efficacy of SES as compared with the previous results of the randomized ARTS I trial (10) . Thirty-six percent of the 607 patients enrolled in ARTS II had unstable angina at presentation.
We sought to evaluate whether clinical outcome in this subset of patients was comparable with that observed in patients with stable angina in the attempt to evaluate whether the net efficacy/safety profile of SES is affected by acuity of clinical presentation. The 1-year outcome in ARTS II, stratified into stable versus unstable presentation, also was compared with that of patients undergoing percutaneous or surgical revascularization in ARTS I, in keeping with the original design of the study.
Methods
Study design. The ARTS II study design has been previously reported (11, 12) . In brief, patients were consecutively enrolled via a central telephone service, after stratification by clinical site to ensure the inclusion of at least one-third of patients undergoing 3-vessel intervention. Selection of patients. Patients were eligible for coronary revascularization if they had either stable angina (Canadian Cardiovascular Society class I, II, III, or IV), unstable angina (Braunwald class IB, IC, IIB, IIC, IIIB, or IIIC), or if they had silent ischemia and at least 2 new lesions located in different major epicardial vessels and/or their side branches (not including the left main coronary artery) that were potentially amenable to stent implantation. Patients were required to have multivessel disease with the need for treatment of the left anterior descending artery and at least one other significant lesion (Ͼ50% diameter stenosis) in another major epicardial coronary artery. One totally occluded major epicardial vessel also could be included. The stenosis had to be amenable to stenting using a stent with a diameter of 2.5 to 3.5 mm and length of 13 to 33 mm, without any restriction on the total stent length implanted.
Patients with any previous coronary intervention, left main coronary disease, overt congestive heart failure, or a left ventricular ejection fraction of Ͻ30% were excluded. Additional exclusion criteria included a history of a cerebrovascular accident and ST-segment elevation myocardial infarction in the preceding week or with persistent elevation of creatine kinase (CK).
Patients requiring nonelective treatment, defined as a procedure conducted on referral before the beginning of the next working day (13), could not be considered for inclusion. Measurement of troponin was not mandatory at screening. Patients with chest pain lasting longer than 30 min within the preceding 12 h were also excluded if CK was equal or more than 2 times the upper limit of normal.
Written, informed consent was obtained from each patient before enrollment. The study was approved by the ethics committee of each participating site. Procedures and postintervention medications. All interventions were performed according to current standard guidelines and the final interventional strategy, including the use of glycoprotein IIb/IIIa inhibitors, was left entirely to the discretion of the operator, except for the stent utilization. All patients were advised to maintain lifelong aspirin use. Clopidogrel 300 mg as a loading dose, or ticlopidine, administered at a dose of 500 mg, was to be started at least 24 h before the procedure. Clopidogrel 75 mg per day or ticlopidine 250 mg twice a day was prescribed for at least 2 months after revascularization. Study objectives and end points. The primary objective of this ARTS II subanalysis was to compare the safety and effectiveness of coronary stent implantation using SES in patients with unstable angina with that of patients undergoing similar treatment for the presence of stable angina. For the purpose of the present analysis, patients with stable angina and silent ischemia (defined as the "stable angina" group) were compared with patients who had unstable angina, as previously reported in ARTS I (14) . The primary outcome measure was the incidence of major adverse cardiac and cerebrovascular events (MACCEs) at 1 year, comprising all-cause death, any cerebrovascular event, nonfatal myocardial infarction (MI), or any repeat revascularization (either percutaneous or surgical; contemporary comparison).
The secondary objectives of this study are to compare 1-year MACCE in the ARTS II patients, stratified according to clinical presentation (stable vs. unstable) to that of patients with stable and unstable angina who randomly were assigned to either percutaneous BMS implantation or coronary artery bypass grafting (CABG) in the ARTS I trial (historical comparison). End point definitions. All deaths were considered cardiac unless a noncardiac origin was established clinically or at autopsy. Death from all causes was reported.
Cerebrovascular events were divided into 3 main categories: stroke, transient ischemic attack, and reversible isch- emic neurologic deficit. In the first 7 days after the intervention, a definite diagnosis of MI was made if there was documentation of new abnormal Q waves (according to the Minnesota code) and either a ratio of serum CK-myocardial band (CK-MB) isoenzyme to total cardiac enzyme that was Ͼ0.1 or a CK-MB value that was 5 times the upper limit of normal (1, 11, 12) . Serum CK and CK-MB isoenzyme concentrations were measured 6, 12, and 18 h after the intervention. Beginning 8 days after the intervention (the length of the hospital stay after surgery), either abnormal Q waves or enzymatic changes were sufficient for a diagnosis of MI. This dual method of defining MI was developed for ARTS I to address the difficulty of diagnosing a MI after cardiac surgery. An MI was confirmed only after the relevant electrocardiograms had been analyzed by the electrocardiographic core laboratory and adjudicated by an independent clinical events committee. For the purpose of this analysis, to explore whether the current definition of MI may artificially contribute to minimize the impact of clinical acuity on outcome, the occurrence of non-Q-wave MI in the first 7 days after the index procedure also has been reclassified based on any CK or CK-MB elevation or a CK or CK-MB value that was 3 times or more the upper limit of normal, in keeping with current American College of Cardiology/American Heart Association and European Society of Cardiology recommendations (15, 16) . All repeat revascularization procedures were recorded. Events were counted from the time of the initial procedure. To allow cross comparisons with other contemporary investigations (17) , stent thrombosis also was determined as the occurrence of any of the following events: angiographic documentation of partial or total stent occlusion detected within 30 days of the procedure (an acute clinical ischemic event in addition to angiographic documentation had to be present when the event occurred after 30 days) or sudden cardiac death or postprocedural MI after successful stent implantation not clearly attributable to another coronary lesion. All events have been reviewed and adjudicated by an independent clinical events committee. Statistical analysis. Continuous variables are shown as mean Ϯ SD if not otherwise stated and were compared using the Student 2-sample t test. Categorical variables are presented as percentages and compared with the chi-square test. Comparison among 3 groups was performed using a general linear model based on a 1-way analysis of variance, repeated for each of the variables to be explained by treatment on 3 levels as an explanatory variable. No correction for multiple analyses was performed because this procedure was only used as an entry criterion for the multivariable analysis. Survival curves were generated by the Kaplan-Meier method, and survival among groups was compared using the log-rank test. Proportional hazards and Weibull models were used to assess risk reduction of adverse events. For the stable versus unstable comparison within the ARTS II study, multivariable analysis, including all variables mentioned simultaneously in the model and considering all variables reported in Tables 1 and 2 with a p value Յ0.10, was performed to adjust for possible confounders and to identify whether clinical presentation was an independent predictor of adverse events. Moreover, a simultaneous interaction test of the predicting variables with clinical presentation was performed based on a likelihood ratio test, using the model Ϫ2Log Likelihood, stratified by anginal status and subtracting the sum of the model Ϫ2Log Likelihoods for each analysis by anginal status. This difference has a chi-square distribution with 2 ϫ n Ϫ m degrees of freedom, with n the degrees of freedom in the by anginal status analysis and m being the degrees of freedom in the stratified analysis. For the comparison of ARTS II versus ARTS I, multivariate analysis considering all variables reported in Table 3 with a p value Յ0.1 were considered to obtain the adjusted hazard ratio. Colinearity in the model was investigated using a correlation matrix and by inspection of the estimate parameters obtained in the model. Moreover, after standardizing the regressors, the condition index was calculated for each considered variable which ranged from 1 to 3.39, thus excluding the presence of colinrearity. Probability was significant at a level of Ͻ0.05. All statistical tests were 2-tailed. Statistical analysis was performed with SAS V8.02 (SAS Institute, Cary, North Carolina).
Results

Patients. Between February 2003 and November 2003
, 607 patients at 45 participating centers were treated. Table  1 presents their baseline demographic characteristics based on clinical presentation. The patients were predominantly males with preserved left ventricular function; 3-vessel disease was present in more than 50% of the cases. Patients with unstable angina had a slightly lower body mass index and were affected less frequently by hypertension and hypercholesterolemia. The incidence of previous MI in the unstable group was almost double when compared with the stable patient group. Current smoking was more frequent in unstable as compared to stable patients. The 2 groups were otherwise comparable for all other baseline characteristics, including comorbidities.
Overall hospital stay was on average 1.3 days longer in unstable patients (Table 2) . Coronary lesions in patients with unstable angina were less frequently calcified and more frequently of type A/B1 than of type B2/C, whereas thrombus was more commonly observed in this group. There was no other difference in procedural characteristics between the 2 groups, including use of glycoprotein IIb/IIIa inhibitors ( Table 2) . Baseline demographic, procedural characteristics, and medications at discharge according to clinical presentation in ARTS II as compared with ARTS I are reported in Table 3 . ARTS II 30-day outcomes. No deaths occurred in the first 30 days in either group. There were no significant differences in patients with unstable with respect to those with stable angina in the cumulative incidence of MACCE (death, infarction, cerebrovascular accident, or repeat revascularization) during the first 30 days irrespective of the applied definition for myocardial infarction ( Braunwald ϭ Braunwald classification; CABG ϭ coronary artery bypass graft; CCS ϭ Canadian Cardiovascular Society classification; CI ϭ confidence interval (Diff Ϯ 1.96·SE); CVA ϭ cerebrovascular accident; Difference ϭ unstable angina Ϫ stable angina; MI ϭ myocardial infarction; PTCA ϭ percutaneous transluminal coronary angioplasty; SD ϭ sudden death; SE ϭ sqrt(p1·q1/n1 ϩ p2·q2/n2). Numbers are % (counts/available field sample size) or mean Ϯ 1 standard deviation. *In ARTS II, in total 6 patients have been enrolled after the procedure. CI ϭ confidence interval (DiffϮ1.96·SE); Difference ϭ unstable angina Ϫ stable angina; DS ϭ diameter stenosis; Les ϭ lesion; Pts ϭ patients; SD ϭ standard deviation; SE ϭ sqrt(p1·q1/n1 ϩ p2·q2/n2).
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Impact of Clinical Presentation in ARTS II
Characteristics: Stable Versus Unstable Angina Group (Fig. 2) . ARTS II versus ARTS I. The cumulative incidence of MACCE, death/MI/CVA, and revascularization at 1 year stratified according to clinical presentation in the SES group as compared with the BMS or CABG groups is shown in Figure 3 . After adjustment for all confounders among those reported in Table 3 , the MACCE rate observed in the ARTS II study remained consistently lower than that observed in the BMS group in stable (HR 0.45, 95% CI 0.16 to 0.58, p ϭ 0.0004) or unstable patients (HR 0.43, 95% CI 0.18 to 0.99, p ϭ 0.034), whereas it did not differ compared to the CABG group in stable (HR 2.38, 95% CI 0.33 to 16.7, p ϭ 0.39) or unstable group (HR 0.33, 95% CI 0.03 to 3.22, p ϭ 0.34) analyzed separately.
Discussion
Despite the growing body of evidence supporting the benefit of DES in different patients/lesion subsets, information regarding their differential safety/efficacy profile in patients with stable versus unstable angina is scanty and in part contradictory. Patients undergoing coronary intervention for unstable atherosclerotic coronary lesions are known to present with a smaller atherosclerotic (18) but larger thrombotic burden as compared with patients who have stable angina. This justifies the need to evaluate whether these devices may perform differently in these 2 patient subsets. In the RESEARCH (Randomized Evaluation of Salvage Angioplasty with Combined Utilization of End points) registry, where 52% of the population presented with ACS, patients with and without ACS benefited equally from SES implantation, with a relative risk reduction in the need for target vessel revascularization at 1 year in both groups when compared with BMS of 70% and 61%, respectively (6) . Similar information has been provided by the STRATEGY (Single High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent vs. Abciximab and Bare-Metal Stent in Myocardial Infarction) trial, in which patients undergoing primary intervention for acute myocardial infarction allocated to receive SES had a 70% relative reduction of TVR as compared with the BMS group (5). In both studies, the rate of thrombotic occlusion was low and not different in the SES with respect to control groups, suggesting that the safety profile of SES is maintained in patients with ACS.
In a subanalysis of the TAXUS IV trial, an even-lower restenosis rate was reported in patients with ACS as compared with stable patients receiving paclitaxel-eluting stents (PES) (7) . However, patients with ACS treated with PES had a trend toward a higher rate of stent thrombosis at 30 days (0.8% vs. 0%, p ϭ 0.06) and, of concern, cardiac death at 1 year also trended higher in patients with ACS receiving PES (2.5% vs. 0.7%; p ϭ 0.051) (7). Thus, whether there is a specific risk in patients with ACS undergoing DES implantation remains largely debatable based on the available data. In this subanalysis of the ARTS II study, the hypothesis that SES may perform differently according to clinical presentation (i.e., stable vs. unstable), which in itself reflects a difference in biology and coronary plaque composition, has been formally tested.
The main conclusion of this analysis is that elective multivessel patients with unstable angina who are undergoing SES-supported coronary revascularization show a similar short-and medium-term outcome with respect to those treated for stable ischemic syndromes. This conclusion is based mainly on the similar incidence of major adverse events in these 2 groups of patients. It is further reinforced by the observation that each individual component of MACCE (i.e., death, reinfarction, CVA, and repeat revascularization) was very similar at 30 days as well as at 1 year in these 2 groups of patients. The rate of MI and the cumulative rate of MACCE remained remarkably similar at both univariate and multivariable-adjusted analysis between patients with stable and unstable angina after reclassification of MI based on the elevation of CK/CK-MB at 3 or even 1 times the upper limit of normal. Focusing on higher-risk patients, identified according to class II or III of Braunwald classification, their short-and long-term outcome was consistently similar compared with the stable angina group.
Finally, the rate of thrombotic occlusion, although not statistically different between the 2 groups of patients, actually was numerically lower in unstable angina patients, confirming previous findings (5, 6) .
These results, based on a contemporary cohort of patients, were supported by the comparison of outcomes in ARTS II versus ARTS I, stratified according to clinical presentation. When adjusted for the baseline and procedural imbalance, the MACCE rate was significantly lower in both stable and unstable patients in the ARTS II with respect to those treated with BMS in ARTS I, whereas no difference was noted with respect to patients allocated to CABG, irrespective of stable or unstable presentation. The main analysis of ARTS II versus ARTS I based on a Bayesian statistical approach was reported recently (12) . The results suggested that the use of SES in patients undergoing multivessel intervention is equivalent to the rate of major adverse events as compared with CABG treatment. In the present subanalysis, a conventional statistical approach was used to separately compare the 2 contemporary patient cohorts (i.e., unstable angina and stable angina) with the same historical cohorts of ARTS I. Our current findings suggest the efficacy and safety of SES implantation irrespective of stable versus unstable presentation in the context of elective multivessel disease patients undergoing percutaneous intervention. Study limitations. Against the consistent background of favorable results when the treatment with SES is compared with BMS implantation in randomized trials so far conducted, the ARTS II study should be regarded as an Kaplan-Meier Curves Out to 1 Year in Both Study Arms (A) Major adverse cardiac and cerebrovascular event-free survival; (B) death/cerebrovascular accident/myocardial infarction-free survival; and (C) freedom from repeat revascularization. Black ϭ sirolimus-eluting stent in the ARTS II study; red ϭ coronary artery bypass grafting in the ARTS I study; blue ϭ bare-metal stent in the ARTS I study. Bold lines ϭ unstable angina; thin lines ϭ stable angina.
